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We have reported the optimal conditions in which
physical stimulus is effective for enhancing three-
dimensional??D?-like proliferation of mouse fibro-
blasts mediated by hydroxyapatite. In this study, we
investigated the changes in proliferation pattern of
normal human cells induced by heat treatment using
pressed silk. Since the results of our previous experi-
ments using mouse cells showed that the optimal con-
ditions for heat treatment were??? for??minutes,
we used the same conditions in this study. It was
found that the ?D-like proliferation of cells changed
in stages from “signs of ?D-like pattern formation”,
“beginning of ?D-like pattern formation”, “almost
complete formation” and finally “complete formation”.
Moreover, human cell ?D-like proliferation pattern
was formed more rapidly and at a higher rate than
that in experiments using mouse cells. The finding of
formation of a ?D-like proliferation pattern by normal
human cells may be of clinical significance for in vivo
cell function in humans. Moreover, the finding in this
study of four stages in the process of a ?D-like prolif-
eration pattern should be useful for determination of
the most effective dose of heat treatment. In this pa-
per, we compare the changes in proliferation pattern
of normal human cells induced by pressed silk with
the results of our previous study using mouse cells,
and we discuss the mechanisms underlying the ?D-
like proliferation pattern of cells at the molecular and
cellular levels. We also discuss the potentially impor-
tant roles of Hsp??, Hsp?? and Hps?? as well as p??
in the response of cells to heat treatment.
? ?
???? ? ???????????????????





??Hiragami F, Teranobu O, Miyake S et al??????
Formation of hydroxyapatite mediated three-
dimensional structures by mouse fibroblasts due
to electromagnetic field and ultrasonic waves
stimulations. Tiss Cult Res Commun ???????
???
??Hiragami F, Kano Y ?????? Formation of
hydroxyapatite-mediated three-dimensional struc-
tures by mouse fibroblasts in response to physical
stimulation. Tissue Eng ?????????








??Hiragami F, Akiyama J, Koike Y et al??????En-
hancement of hydroxyapatite-mediated three-
dimensional-like proliferation of mouse fibroblasts
by heat treatment : Effects of heat shock-induced
p??MAPK pathway. J Biomed Mater Res??????
????
??Takezawa T, Ozaki K, Takabayashi C??????Re-
construction of a hard connective tissue utilizing a
pressed silk sheet and type-I collagen as the scaf-
fold of fibroblasts. Tissue Eng?in press?
??Reznikoff CA, Brankow DW, Heidlberger C
??????Establishment and characterization of a
cloned line of C?H mouse embryo cells sensitive
to post confluence inhibition of cell division. Can-
cer Res????????????
???Ono K, Han J??????The p??signal transduction
pathway activation and function. Cell Signal???
????
???Eliopoulos AG, Gallagher NJ, Blake SMS et al
??????Activation of the p?? mitogen-activated
protein kinase pathway by Epstein-Barr virus-
encoded latent membrane protein ? coregulates
???????????????????????
??
interleukin-? and interleukin-? production. J Biol
Chem???????????????
???Assefa Z, Vantieghem A, Declercq W et al??????
The activation of the c-Jun N-terminal kinase and
p?? mitogen-activated protein kinase signaling
pathways protects HeLa cells from apoptosis fol-
lowing photodynamic therapy with hypericin. J
Biol Chem?????????????
???Beere HM, Wolf BB, Cain K et al??????Heat-
shock protein?? inhibits apoptosis by preventing
recruitment of procaspase-? to the Apaf-? apop-
tosome. Nat Cell Biol ?????????
???Nagai N, Hosokawa M, Itohara S et al??????
Embryonic lethality of molecular chaperone Hsp
?? knockout mice is associated with defects in
collagen biosynthesis. J Cell Biol ?????????
????
???Bruey JM, Ducasse C, Bonniaud P et al??????
Hsp??negatively regulates cell death by interact-
ing with cytochrome c. Nat Cell Biol ??????
???
???Lavoie JN, Hickey E, Weber LA et al??????
Modulation of actin microfilament dynamics and
fluid phase pinocytosis by phosphorylation of heat
shock protein ??. J Biol Chem ??????????
?????
???Ohnishi K, Yuki K, Ohnishi T et al??????Hyper-
thermic cancer therapy combined with inhibitors
targeted against heat-induced signaling factors.
Jpn J Hyperthermic Oncol??????????
???Hotary KB, Allen ED, Brooks PC et al??????
Membrane type ? matrix metalloproteinase
usurps tumor growth control imposed by the
three-dimensional extracellular matrix. Cell????
?????
??????????????????????
??
